Abstract: Vegetation-environment relationships were investigated in fens of the T~ebof~ basin (Czech Republic), which are enriched by nutrients and calcium from intensively managed and limed fishponds to test the hypothesis of altered gradient structure after long-term nutrient enrichment in fens. Water-table depth, pH, conductivity, N-NH~-, N-NO~, PO43-, total P, SO j-, K +, Ca 2+, Mg 2+ and Fe were measured four times in 30 vegetation plots of 16 m 2 during the 2004 vegetation season. Both constrained and unconstrained ordination (DCA, CCA) were used to relate environmental factors to the species composition of the vegetation. The relationships among particular factors were revealed using PCA. Four fen vegetation types obtained by TWINSPAN classifcation were compared with measured factors using repeated measures ANOVA. Vegetation types differed significantly in water-table depth, water pH and Ca 2÷, Mg 2+, K +, and N-NO~ content. The concentration of major nutrients fluctuated noticeably during vegetation season and displayed large variation within vegetation types. Temporarily the concentration of different nutrients reached extremely high values. However, high nutrient supply has not altered the gradient structure of the vegetation. Water pH and water-table depths were found to be two major determinants of species variation in fishpond-margin fens, as in the majority of other environments studied throughout the Northern Hemisphere. Species richness of both vascular plants and bryophytes was partly explained by pH. However, the extent of variation in total mineral richness and potassium concentration were the next two most important variables determining bryophyte species richness. Water in flooded poor-fen vegetation, directly affected by water from limed fishponds, had calcium and magnesium concentration similar to fishpond water. The calcium concentrations of about 20 mg [1 in typical poor-fen vegetation have no analogy in the ecological literature. High phosphorus level presumably buffers the effect of calcium by enhancing bryophyte biomass depositing superfluous calcium. In conclusion, extremely high long-term nutrient supply to fishpond-margin fens have not altered gradient structure, but shifted chemical limits of plant communities.
INTRODUCTION
A long tradition of exploring vegetation-environmental relationships in mires started decades ago in Scandinavia (e.g. DU RIETZ 1949 , SJORS 1952 . The research continues in several parts of the world. Many studies agree that base richness and water regime are the major determinants controlling floristic variation in mires (e.g. TAHVANAINEN et al. 2002 , JOHNSON 8¢ STEINGRAEBER 2003 , HAJKOVA & HAJEK 2004 , NEKOLA 2004 . The disaccord occurs when the role of nutrient availability is considered. WHEELER & PROCTOR (2000) in their review paper, stressed the fertility gradient, which is connected to nutrient availability, while OKLAND et al. (2001) did not find any support for this gradient within Fennoscandian mires. The majority of Fennoscandian studies, indeed, refer to the pristine regions in the boreal zone and in the mountains. The Central-and western-European mires, however, have often survived as islands in agricultural and strongly eutrophicated landscape (KOERSELMAN et al. 1990 , PAULISSEN et al. 2004 ) and serve as refugia for many threatened plants and animals. Some recent studies in mire ecology suggest that increasing input of available nutrients could alter the chemical limits of plant communities. Poor Sphagnum-fens could be developed under more calcareous conditions, for example (KOOIJMAN d~; KANNE 1993 , GUNNARSSON et al. 2000 , HAJEK et al. 2002 , HAJKOVA & HAJEK 2003 , PAULISSEN et al. 2004 . Another consequence of enhanced nutrient supply is the proportion of ubiquitous species increasing to the detriment of mire specialist (FOJT & HARDING 1995 , PAULI et al. 2002 . In thi~ study, we will test the hypothesis of altered gradient structure after long-term nutrient enrichment. As there are some indices that high nutrient supply can induce a change from rich-fen to poor-fen vegetation, we will test whether even long-term and intense nutrient supply is strong enough to suppress base richness as the major environmental determinant of variation in species composition of fens.
Base richness seems to be the major control of vegetation variation and species richness in mires (e.g. CHYTR3 , SCHUSTER & DIEKMAN 2003 , HAJKOVA & HAJEK 2003 , TAHVANA1NEN 2004 . However, the next important factor for variation in species richness at the local scale is its relationship with productivity and the species richness-productivity patterns are influenced by the kind of nutrient limitation (OLDE VENTERINK et al. 2003) .
OLDE VENTERINK et al. (2001) have found that in fens a similar share of variation in species density was explained by biomass the same way as by environmental factors not related to biomass; they also have found density of threatened species increasing with decreasing P availability even within low-productive fens. CHAPIN et al. (2004) showed that nutrient effects on above-ground net primary production differ between base-rich and acidic mires as well as among principal functional groups. Moreover, several studies reported the change of species-rich fens towards species-poor Sphagnum-dominated fens probably caused by raised nutrient supply under unchanged calcium concentration (HEDENAS & KOOIJMAN 1996a , GUNNARSSON et al. 2000 , BELTMAN et al. 2001 , HAJEK et al. 2002 . There is therefore a presumption that such a variable influence of nutrient enrichment to species-richness and productivity patterns could eliminate the role of pH in determining plant species richness under extremely high nutrient input.
The next major objective of this study will be testing the presumably synergistic effect of base saturation, nutrient enrichment and fluctuation in environmental variables to the floristic diversity of fen vegetation in an agricultural landscape. In spite of high nutrient and calcium supply to extensively managed fishponds, there are some remnants of regionally exceptional vegetation full of rare, threatened and relic plants in adjacent fens (NAVRJ~TILOVA & NAVRATIL 2005a) suggesting that these fens are somehow buffered against negative influence of eutrophicated pond water. The large fluctuation of environmental factors found in fishpond-margin mires (NAVRA_TILOV/~ & NAVRATIL 2005b) could be a key to understanding this phenomenon. Many studies in mire ecology have shown that the extent of the variation in environmental factors would become a separate factor in itself, more important than mean or median value (DIERSCHKE 1969 , RYBNICEK 1974 , WIERDA et al. 1997 , ASADA 2002 , HAJKOVA et al. 2004 . For example, the fluctuation of water level causes that vegetation, bottom layer especially, is under direct influence ofeutrophicated water only during a part of the year. The important issue we have to know if we want to assess the effect of high nutrient supply to fen vegetation is whether fluctuation of water chemistry variables is synchronized with water level fluctuation. We therefore hypothesize that multidimensional analysis of all environmental factors will explain recent vegetation patterns better than single factors.
The mires at fishpond margins in the T~ebofi basin (southern Bohemia, Czech Republic) whose chemical conditions are closely connected to the intensively managed and fertilized fishpond ecosystem (LAZAR 1978 , PECHAR et al. 2002 ) represent a unique model habitat to test the hypotheses about altered gradient structure of fen vegetation subjected to long-term nutrient enrichment.
MATERIALS AND METHODS

Study sites
Minerotrophic mires around the fishponds of the T~ebofi Basin region, in the southern part of the Czech Republic, offer a good opportunity to study the above-mentioned relationships. The 15 most representative and accessible fens were chosen for this study (Fig. 1) . The climate is temperate with a mean annual temperature of 7.8 °C, the mean annual temperature of the coldest month (January) of-2.2 °C, the mean annual temperature of the warmest month (July) of 17.7 °C and average annual precipitation of 627 mm (VESECKY 1961) . Geological substrate of the T~ebofi basin is quite uniform. Siliceous cretaceous and tertiary sandstones and sandy deposits overlying granite bedrock dominate the bedrock. Some of the aquifers are rich in Fe and/or alkaline ions. Arterial water springs and/or inflow from surrounding areas and/or pond water as well as precipitation saturate the mires. In most cases, the water has low electrolyte concentration relative to non-siliceous bedrock except for sites influenced mainly by pond water and spring areas. However, properties of water sources are not well known because of the mixed influence of these four sources on all sites. The mires have been affected by human activities such as peat mining, fish farming and agriculture. Poor fens are the most common ones among mire vegetation types, rich fens are rarer and are often located in spring areas.
Vegetation data
Plots were selected subjectively after a thorough investigation of all fen vegetation types (during 2002-2003) to maximize variation in vegetation and environmental conditions in the T~ebofi basin. Thirty plots on 15 localities (Fig. l) were selected; numbers of plots in one locality vary by largeness and diversity of the locality. In most cases there is one plot of one vegetation type from one locality, except for large and diverse localities. Selected plots thus represent all main mire vegetation types in the study area (for method see also SOMODI 8~ BOTTA-DUKAT 2004). Species composition was recorded in 2004, during the summer when the vegetation is in optimum. The plot size was always 4 x 4 m. The cover of both vascular plants and bryophytes was recorded using the nine-grade scale (VAN DER MAAREL 1979) . The height of the vegetation cover was measured to indirectly approximate the productivity of the vegetation.
Environmental factors
The water-table depth was measured manually in PVC tubes perforated throughout their length. PVC tubes were placed in the central part of each of the 30 sampling plots• The water was always pumped out of the PVC tubes and allowed to refill before sampling. Water pH and conductivity, both standardized at 20 °C, were measured in situ using portable instruments (PH 114, CM 113, Snail Instruments, Czech Republic) • Conductivity caused by H + ions in acid waters was subtracted (SJORS 1952) . Water samples were collected from the same permanent plots (PVC tubes). Water was placed in plastic bottles and transported to the laboratory within two to twelve hours. The contact of sampled water with air was short in all cases. Prior to further analyses, water samples were filtered through a 1.2 gm filter.
Water samples were collected also from the pond neighbouring each site. The pond sampling sites were selected in open water nearest to each fen and were marked with a bamboo stake. The variation of water level in the pond was measured with respect to these stakes. Pond water samples were collected near the water surface.
Anions were analyzed after chemical reaction spectrofotometrically with FIA (Tecator, Sweden) flow analyzer. The principle of determination of N-NH~ (ammonia nitrogen) is that the aqueous sample containing ammonium ions is injected into a carrier stream, which is merged with a sodium hydroxide stream. In the resulting alkaline stream gaseous ammonium is formed that may diffuse through a gas permeable membrane into an indicator stream. This indicator stream comprises a mixture of acid-base indicators, HI, where I denotes the indicator anions. The ammonia gas reacts with HI and the anion concentration of the indicators will increase. The resulting colour shift can be measured photometrically. N-NO~ (nitrate) was firstly reduced to nitrite passing the sample through a copperized cadmium reductor. The nitrite reacts with sulphanilamide in an acidic solution to form a diazo compound. The diazotized product is the coupled with N-(I-naphtyl)-ethylenediamine dihydrochloride. The intensity of the formed azo dye, which is proportional to the sum of the nitrate and nitrite originally present in the sample, is the measured at 540 nm; orthophosphate (PO~-) was determined after reaction with ammonium molybdate to form the heteropoly molybdophosphoric acid, which is reduced in a second step to phosphomolybdenum blue by stannous chloride in a sulphuric acid medium. The intensive blue colour of the formed heteropoly compound is measured at 690 nm; total phosphorus was determined identically as orthophosphates after the mineralization by HCIO4, and hydrolysis of not dissolved pyrophosphates in a high temperature; SO 2-were determined by method of methyl-thymol blue in alkaline solution. Cations were determined by atomic sorbefacient spectrophotometry with SectrAA 640 (Varian Techtron, Australia) by flame method. K +, Mg 2+ and total Fe in the flame of acetylene-air, Ca 2+ in the flame of N20-acetylene. Detecting limits for anion determination were 10 gg 1 ~ (20 gg 1-1 for total P), and for cations were 0.01 ppm for K +, Mg 2+ and total Fe, and 0.02 ppm for Ca 2+. The laboratory used has interlaboratory calibration tests ASLAB.
Because previous studies showed noticeable fluctuation of major nutrient concentrations in fens (VITT at al. 1995 , TAHVANAINEN et al. 2003 , HJOEK & HEKERA 2004 , water chemistry was sampled four times a year from April to September 2004 in all plots. This period corresponds to the growing season in Central Europe when the water regime has the greatest influence on peat vegetation. The first set of measurements was conducted at the beginning of the growing season (1 lth April), second and third during the growing season (1 st June, 5th August) and fourth at the end of growing season (28th September). 2003). Vegetation data were classified using TWINSPAN -a potythetic divisive classification method that uses two-way indicator species analysis (HILL 1979) . Pseudospecies cut levels were set at 0, 5 and 25% to suit the dataset composed of percent frequency. We used classification at the level of four groups (Table 1) . Differences of species number of the vegetation types were evaluated by Kruskal-Wallis test. The concentration of species occurrences in vegetation type (fidelity) was calculated by phi coefficient (CHYTR~ r et al. 2002) to show the species that characterize particular vegetation types. Gradients in species composition of the vegetation in relation to the environment were assessed using detrended correspondence analysis (DCA) and canonical correspondence analysis (CCA) algorithms of the CANOCO 4.5 package (TER BRAAK & SMILAUER 2002) . The percentage frequency of the species was log-transformed and rare species were downweighted.
Statistical analysis
The vegetation data set was subjected first to DCA in order to assess the overall variation patterns in species composition independent from environmental factors measured. Ordination site scores were correlated to means, medians, minimum, maximum and coefficient of variation of all measured environmental factors using Kendall tau. Medians and coefficients of variation of all environmental variables were plotted onto DCA ordination diagrams as supplementary environmental data for better ecological interpretation of the axes.
The same analysis was performed separately for bryophyte subset and for vascular plant subset.
Subsequently we used CCA to test the ability of each measured factor to explain variation in species composition of the vegetation and to find the measured factors explaining maximum variation in species data under minimum number of variables involved into constrain ordination model (so-called forward selection procedure, see TER BRAAK & SMILAUER 2002 , LEPS & SMILAUER 2003 . The parameters obtained from consecutive measurements may have different significance in explaining vegetation gradients. Therefore, five statistical parameters (mean, median, minimum, maximum, and coefficient of variation) obtained from consecutive measurement of each environmental factor were used in the analyses. The effect of the first canonical axis was tested by permutation test (499 permutations were always used). To test the statistical significance of the second canonical axis we calculated partial CCA where the first axis was partialled out by using it as a covariable. Significance was again tested by the permutation test. The factors were stepwise added into the model with a threshold ofP < 0.05 to entry.
Principal components analysis (PCA) was used for indirect ordination of environmental data with an objective to find main gradients in the water chemistry of all studied sites and to test whether sites similar in environmental conditions as a whole harbour the same vegetation type. In addition to environmental variables from 30 fens, environmental data from 10 fishponds were subjected to analysis to find out how the chemistry of pond water is similar to the chemistry of each vegetation types. Four values obtained from repeated measurement of each environmental variable were used. The values of measured environmental variables were log-transformed to approximate normal distributions. However, the water-level data from fishponds were excluded. The values of each environmental variable were standardized to mean 0 and variance 1 in PCA analysis. Medians and coefficients of variation of environmental variables related to 1st and 2nd axes were plotted onto PCA ordination diagrams as supplementary environmental data, instead of species display, for better clarity of the diagram. Correlations between water chemistry of four fen types and fishpond water were tested by Pearson correlation coefficient.
The seasonal trends in fluctuation of environmental factors and the differences in measured factors among communities and fishpond water, respectively, were investigated using repeated measures analysis of variance (RMANOVA). The relationships between species richness (dependent variable) and means, medians, minima, maxima and coefficients of variation of measured environmental factors, cover of each individual vegetation layer and height of herb layer were evaluated by stepwise multiple linear regression using forward variable selection with a threshold of P < 0.05 to entry. The relationships between each of these environmental variables and species richness were correlated using Kendall tau correlation coefficient.
RESULTS
Gradient analysis
The first two DCA axes were nearly equal in length (Fig. 2) and together explained about 21% of the total species variability (Table 2). They also correlated very well with co Vc V.
"l!~t~ Fe
VCa2~ _q~_ -2 -----~ NH~, i VNO; / 9
• so,
Ca 2÷ ql~ flooded fen 0 poor fen O medium-rich fen C) rich fen The first ordination axis was correlated significantly with pH (mean, median, minimum and variation), Ca 2+ (minimum and variation), variation of Mg 2+, variation of conductivity, variation of water-table depth and NH~ (median). The second ordination axis was significantly correlated with water level (median), conductivity (minimum and variation), Ca 2+ (mean, median and minimum), Mg 2+ (rain), and Fe (mean and median) ( Table 3 ). We can generalize that not only pH but also all measured variation in environmental variables were negatively correlated with the first DCA axis. Along the first axis rich fens were clearly separated from poor fens (poor-rich gradient). Along the second axis the poor fens were divided into flooded ones and non-flooded ones. The general pattern remained the same in the DCA of bryophyte subset. In DCA of the vascular plant subset, the gradient of base richness was not so clear. The poor fens were in the middle of the gradient and were surrotmded by the other vegetation types. This pattern can be partly explained by the broader ecological amplitude of the majority of vascular plants relative to bryophytes.
CCA was applied to test the hypothesis about the influence of base richness and water level on the species composition of the vegetation. The variables that most effectively and significantly explained the species composition of the plant communities were minimum pH, maximum water table, maximum K + and minimum pO34 - (Fig. 3) . Together they explained about 25% of the total variability. The first two canonical axes captured most of the variation of the species data (about 18%). The results of the permutation test showed that both the first and second axes are significant (P < 0.01), demonstrating that the relationship between the species occurrences and the environmental variables was highly significant. Eigenvalues of the first two axes in CCA are only slightly smaller than those in DCA, and species-environmental correlations in CCA for the first two axes are high (rlst ax. = 0.911, r2nd ax. = 0.881). This indicates that the variables included in CCA really captured much of the variation in the species data. These findings were supported by similar ordination patterns in DCA and CCA. Rich fens and moderately rich fens were divided from poor fen according to pH values. Flooded fens were not clearly separated in CCA from non-flooded poor fens, indicating that maximum water level cannot solely explain the clear floristic differences among them. The first two axes in PCA of water-chemistry factors explain the most of the variability in the environmental data (48%). The first axis represented the pH and conductivity of water and concentrations of major cations (Ca 2+, Mg 2+, K+), SO 2-, and NO~, the second axis the concentrations ofNH~, PO 3-, total P (Fig. 4) . The pond sites were separated from other fen sites. However, the constituent fen types were not clearly separated. The poor-rich gradient was only slightly outlined. The rich-fen samples were close to fishpond ones in the diagram although they occurred on springs that are not influenced by pond water. This is evidently caused by high values ofpH, Ca 2+, K + and conductivity (Table 4) . 
Temporal fluctuation of environmental factors
There are marked seasonal trends in fluctuations of the measured parameters. Fluctuation was more considerable in flooded-and poor fens than in rich-and moderately rich fens ( 
Comparison of environmental factors across vegetation types
The means and standard errors of environmental parameters in the four vegetation types are shown in Table 4 . Between-subject (TW1NSPAN clusters) effect of RMANOVA was significant for water-table depth, water pH, Ca z+, Mg 2+, K + and NO~. Within-subject effect (seasonal fluctuation) of RMANOVA was significant for water-table depth, water pH, conductivity, Ca 2+, Mg 2+, Fe, and NO3. In some cases, the anion concentrations reached extremely high levels that have not been found in unpolluted fens (see Table 5 and Discussion).
Relationships between species richness and environmental factors
In a multiple linear regression, species richness of vascular plants correlated positively with minimum pH and negatively with both maximum water table and total percentage cover of the vegetation (Table 6 ). Total species richness mirrored this trend as it was governed by the richer taxonomical group, vascular plants. Fluctuation of K +, however, accounted for a substantial part in species richness variation of bryophytes, followed by ammonium concentration, water-table depth and total vegetation cover. To test whether the effect of fluctuation of K + and ammonium concentration could be only correlative of base saturation (fluctuation ofK + and ammonium increased towards poor fens), we eliminated these variables from the model and repeated the multiple regression. The variance of bryophyte species richness explained by the included factors did not change markedly, but the factors involved in the model have changed. The extent of seasonal variation in conductivity, i.e., variation in mineral richness, became the major predictor. When it was further eliminated, the explained variance was reduced by 25%. Further, when both variations in conductivity and maximum K + concentration were eliminated, the explained variance was reduced even by 50%. Hence, bryophyte species richness is controlled mostly by the extent of fluctuation of environmental factors in fishpond-margin fens. The Kendall tau correlations (Table 7) as well as scatter-plots (Fig. 6 ) confirm this fact. The water chemistry of fishpond water was similar to that of flooded-and poor fens. The rich-fen water chemistry was quite different (Table 8 ).
The Kruskal-Wallis test showed significant differences (P < 0.001) in the mean number of species among vegetation types. According to multiple comparisons of mean ranks of all groups, flooded fens are different from rich fens, and poor fens are different from moderately rich and rich-fen communities.
DISCUSSION
High nutrient levels in fishpond-margin fens
The nutrient levels found in fens at fishpond margins were extremely high, as expected. In some cases the concentration of major nutrients exceeded those measured directly in free pond water (Table 3) . This is probably due to nutrient accumulation in fishpond sediments. In contrast to water in open fishpond, nutrients remain in upper parts of fen soil, from where they are released into soil water during water-level drawdown and decomposition of peat layer.
Comparison of water chemistry data published from other European and Northern-American fens show that unequalled values of N and P are attained in moderately rich fens. Fishpond-margin moderately rich fens had ammonium concentrations reaching temporarily up to 23.4 mg 1-1. The extensive study of habitats of wetland Amblystegiaceae at a wide geographic range in Sweden (HEDENAS & KOOIJMAN 1996b) presents the highest ammonium concentrations of about 6 mg 1-1. By analogy, one of the highest ammonium values reported from Northern-American fens are those of ANDERSON & DAVIS (1997) who have found a maximum 2.28 mg 1 1 of ammonium. Comparably high ammonium concentrations were found only from poor fens of other fishpond-margin mire in the central part of Czech ~2KOVA et al. 2003) . In our study, nitrate concentration was highest in base-rich spring-fed fens. The same pattern is often reported (e.g. PERSSON 1962 , TAHVANAINEN et al. 2002 , I-IAJEK & HEKERA 2004 , HEDENAS & KOOIJMAN 2004 , but the maxima of nitrate concentration found in this study, above 20 mg 1 -~, are several fold larger than in the studies cited above. Moreover, we detected lower, but still rather high values of nitrates in flooded poor fens (up to 2.4 mg 1 -~) that obviously copy the values found in open fishponds. Phosphate and total phosphorus concentrations were higher in fishpond-margin moderately rich fens than in naturally "eutrophic" lacustrine marshes and fens (cf. BAYLEY & MEWHORT 2004) and are comparable only with polluted fens of Netherlands (BOOTSMA & WASSEN 1996) and with poor fens colonized by Juncus effusus in Germany (BERTRAM 1988) . However, in rich fens, maximum phosphorus concentrations were low and did not Table 1 ) and pond water. Median NH~" (pg I "1) reach maximum concentrations reported from fens in literature (SLOBODDA 1979 , VITT et al. 1995 , BOOTSMA & WASSEN 1996 , HEDEN.AS & KOO1JMAN 1996b , HAJEK et al. 2002 , TAHVANAINEN 2004 . The different hydrology of rich fen remnants, which are mostly fed by springwater, is probably the reason. The low P level possibly maintains rich-fen vegetation even in N-enriched conditions. This hypothesis has support in ecological literature. Nutrient, especially phosphorus supply seemed to compensate for the intolerance to high mineral levels in poor-fen species S. fallax that populate rich fens in Netherlands (KOOIJMAN & KANNE 1993) . By analogy, LIMPENS et al. (2003) found that the expansion of S. fallax at the high deposition bog sites was limited by phosphorus. The expansion of Sphagnumflexuosum and S.fallax into rich fens results in acidification and consequent change into poor-fen vegetation (BELTMAN et al. 2001 , HAJKOVA & HAJEK 2003 . All other vegetation types have high levels of dissolved P similar to that found in open fishpond. The fishpond-to-fen connection is evident in these cases. High phosphorus supply is presumably responsible for development of poor fens even under high Ca 2+ levels about 20 mg 1 1 (see also HAJEK et al. 2002) as is further suggested by the correlation between fishpond-and poor-fen water chemistry (Table 8) . A disaccord between potassium concentrations in fishpond water (high) and in fen water (lower) was found. Potassium concentrations measured in the fens were within the ranges reported for unpolluted spring-fed fens (HAJEK et al. 2002 , TAHVANAINEN 2004 . Maximum potassium concentrations, however, correlated with the cover of vascular plants. This corresponds to the relationship between K + concentration and productivity found by WASSEN et al. (1990) . The pattern suggests K-limitation of the study fens; plants take up all potassium when its concentration increases.
Apart from extreme nutrient supply to fishpond-margin fens, the major patterns in species richness and species composition do not differ from pristine fens to such an extent as could be expected. The major gradients in both species composition and species richness more or less correspond to those most often reported in literature (WHEELER & PROCTOR 2000 , OKLAND et al. 2001 , HAJKOVA & HJ~JEK 2003 , TAHVANAINEN 2004 .
Species richness
Water pH accounted for the principal part of variation in vascular plant species richness. Due to high seasonal fluctuation ofpH, the minimum pH was a better predictor than mean or maximum pH. The temporarily high pH values that occurred in poor fens in summer were Table 7 . Kendall tau correlation coefficients between total species richness, species richness of mosses and species richness of vascular plants versus significant environmental variables. Significance levels: * -P < 0.05, • * -P < 0.01, *** -P < 0.001, n.s. -not significant. probably caused by increased microbial activity and algae photosyntesis (for another example see Mulqoz et al. 2003) . The correlation between pH and vascular plant species richness has been repeatedly confirmed in mires (SCHUSTER & DIEKMAN 2003 , CHYTRY et al. 2003 , TAHVANAINEN 2004 and it seems to be valid across various scales (HAJKOVA & HAJEK 2003 . The modern calcicole/calcifuge disparity in species pool that resulted from historical processes (PARTEL 2002 , EWALD 2003 ) is one possible explanation, but the ecophysiological causes cannot be omitted (TYLER 2003) . The second independent predictor, maximum water level, decreases species richness due to high concentration of toxic iron (SNOWDEN & WHEELER 1993) , inducing anoxia and hindered seedling establishment. The pattern in bryophyte species richness found in nutrient-rich fishpond-margin fens seems to be caused primarily by local ecological factors. The major predictor of bryophyte species richness is the extent of conductivity variation. There are probably only a few bryophyte species that overcome widely fluctuating mineral richness. Independently of this pattern, increasing potassium concentration correlated negatively with species richness, probably due to the acceleration of the growth of dominant species. Maximum water level and base saturation also significantly contributed to the model. However, when conductivity variation and maximum K ÷ were excluded from the multiple regression, the explained variation declined by 50o. These results suggest that the historical explanation of the correlation between species richness and pH/calcium gradient as suggested by PARTEL (2002) cannot be extrapolated to bryophytes. A similar lack of relationship between bryophytes species density and pH was found also by HAJKOVA & H,~JEK (2004) .
Water level and nutrients
The role of water-level dynamics in nutrient-enriched fens is complex. At the landscape scale, the high correlation between water level and vegetation gradient is partly caused by ? 1960 , FLINTROP 1994 , HAJKOVA et al. 2004 ). In our study, however, only fluctuation in water level correlated with poor-rich gradient, while mean water level controls the second, independent gradient in species composition. It separated Utricularia-:.nd tall-sedge fens. Maximum water level did not correlate significantly with the two major gi ~dients, but its effect on vegetation variation was revealed by CCA (see also WIERDA et al. 1997 , H.&JKOV~. & HAJEK 2004 . Its major effect lies in lowering species richness (Table 6 ). The importance of the fluctuation of water level in buffering the effect of nutrient-rich fishpond water can be assessed by numerous indices. High ammonium levels in fen water, sometimes higher than those measured directly in fishponds, are most likely caused by peat decomposition that takes place when water level decreases. The high water level can therefore disable the nutrient release. However, when the water level rises above the peat layer, the nutrient-enriched fishpond water gets directly into the moss layer. The P-rich fishpond water makes the dominance of acidifying Sphagnumflexuosum possible even in calcium-rich fens. The true rich-fen vegetation can survive only at spring outflows away from direct influence of fishpond water, as is indicated by low P-level. The overflowing of rich fens by fishpond water would probably cause their change into poor fens. Currently, fishpond-margin rich fens do not significantly differ from poor fens in calcium nor in pH, but in phosphate concentrations. The mean calcium concentration in flooded poor fens with Sphagnum denticulatum is nearly 20 mg 1 -~, much higher than reported in literature (but see HAJEK et al. 2002) . Such a high calcium concentration in poor fens can be explained only by increased tolerance of Sphagnum to calcium under high nutrient (N, P, K) levels (KOOIJMAN & KANNE 1993 , HA.JEK et al. 2002 .
APPENDIX
Species scores along the first and second DCA axes. Second column shows the vegetation type (1-flooded fen, 2 -poor fen, 3 medium-rich fen, 4 -rich fen; see 
